INTRODUCTION
Innate lymphoid cells (ILCs) are developmentally related cells that have an important role in innate defenses against different pathogens, in generation of secondary lymphoid organs, and in tissue remodeling. Three main groups of ILCs have been identified according to phenotypic and functional characteristics.
1,2 Natural killer (NK) cells are well-known cytolytic effector cells that have been assigned to ILC1 group. They exert a defensive role primarily against viral infections and tumor growth. 3 Interestingly, NK cells with particular phenotypic and functional characteristics are present in human and murine decidua during the early phase of pregnancy. [4] [5] [6] [7] In human decidua, they represent 50-70% of decidual lymphoid cells, are poorly cytolytic, and produce low amounts of IFNg and TNF, typical NK-derived cytokines. 4, 5, 8 Instead, they release cytokines/chemokines involved in neoangiogenesis, tissue remodeling, and placentation. 8, 9 Decidual NK cells (dNK) have been shown to interact with resident CD14 þ myeloid cells and to participate in the induction of regulatory T cells that are essential for fetomaternal tolerance. 10 More recently, we identified two additional ILC populations in human decidua, namely Natural Cytotoxic Receptors þ ILC3 (NCR þ ILC3) and Lymphoid Tissue inducer-like (LTi-like) cells. 11 ILC3 have been shown to predominate and exert their function primarily in mucosal tissues. 1, 12 We showed that decidual (d) ILC3 mainly produce CXCL8, 11 a chemokine that has an important role in decidual tissue building/remodeling. 8 However, other factors mediating this function and thus contributing to a successful pregnancy have been identified such as heparinbinding EGF-like growth factor (HB-EGF). 13, 14 HB-EGF is a fibrogenic cytokine that has been reported to regulate the interactions between endometrium and implanting blastocyst and to promote angiogenesis at the fetomaternal interface. 13, 14 However, the decidual cell type(s) responsible for HB-EGF production has not been identified yet. Notably, this factor is produced by peripheral neutrophils (pNs) upon granulocyte macrophage colony-stimulating factor (GM-CSF) stimulation. 15 A recent study revealed the presence of neutrophils with pro-angiogenic capability in human decidua during the second trimester of pregnancy. 16 However, the identification of decidual neutrophils (dNs) during the first trimester of pregnancy is still lacking.
Neutrophils are major players during acute inflammation. They are phagocytic cells that release granules containing lytic enzymes and produce reactive oxygen intermediates with antimicrobial activity. 17 Under physiological conditions, neutrophils are present in peripheral blood and in different tissues such as bone marrow and spleen. 18, 19 Notably, neutrophil numbers rapidly increase in damaged tissues, as they are usually the first cells to be recruited at inflammatory sites, where they can capture and kill microbes. 17 Although neutrophils are typically short-lived (few hours) cells, they may survive much longer at inflammatory sites upon exposure to cytokines such as GM-CSF, IFNg, and TNF. 20 Interestingly, in addition to their pro-inflammatory function, they may also regulate angiogenesis, tissue remodeling, and immune responses. [21] [22] [23] Accordingly, neutrophils release, either spontaneously or after stimulation, various cytokines/chemokines involved in host defenses and angiogenesis, as well as factors with antiinflammatory activity determining the resolution of inflammatory responses. 22 In this context, it has been shown that neutrophils with anti-inflammatory/suppressive function may be present in the tumor microenvironment and chronic/ inflammatory diseases. 18 Furthermore, it has been suggested that neutrophils represent cells linking the two arms of the immune system, as they may engage bidirectional interactions with various cell types of both innate and adaptive immunity. 18 In particular, in inflamed tissues, neutrophils can interact with macrophages, dendritic cells, B and T lymphocytes, and NK cells. 18, 20, [24] [25] [26] [27] [28] [29] [30] In this study, we show that neutrophils are present in human decidua during the first trimester of normal pregnancy. By contrast, a lower frequency of neutrophils was detected in pathological decidual samples. dNs, once isolated, were found to display an activated phenotype and a higher resistance to apoptosis. We also demonstrate that the numbers of NCR þ ILC3 infiltrating decidual tissues positively correlate with those of infiltrating neutrophils. Accordingly, we show that CXCL8 and GM-CSF released by NCR þ ILC3 in vitro can induce neutrophil migration and survival, respectively. Moreover, dN locally expressed HB-EGF, a factor that promotes neoangiogenesis and sustains blastocyst implantation. 13, 14 Finally, we show that NCR þ ILC3-derived GM-CSF induces in pNs the expression of HB-EGF and of IL1ra that, besides its antiinflammatory activity, is known to mediate trophoblast invasion. 31, 32 Overall, our study suggests that ILC3 and neutrophils may be involved in the induction and maintenance of pregnancy.
RESULTS

Neutrophils are present in decidua during the first trimester of pregnancy
In order to investigate whether neutrophils are present in human decidua during the first trimester of pregnancy, we first performed immunohistochemical analysis of decidual tissues derived from either ''normal'' pregnancy (i.e., samples from pregnancy termination requested for social reasons that did not display any evident pathological causes) or spontaneous miscarriages caused by different pathologies. As illustrated in Figure 1a , immunostaining of normal pregnancy samples, using the granulocyte marker CD15, showed the presence of CD15 þ cells in decidua basalis (DB), i.e., an area mainly involved in tissue remodeling and in physiological decidual implant reaction, but not in decidua parietalis (DP). We also investigated whether CD15
þ cells were present in decidual sections derived from spontaneous miscarriages (8-12 weeks) caused by different pathologies. 33 We detected a significant lower frequency of CD15 þ cells in the DB of pathological samples than in normal pregnancy (Figure 1a-f) . At a higher magnification, CD15
þ cells displayed a typical neutrophil morphology ( Figure 1g) . Next, dNs were analyzed by flow cytometry in comparison with peripheral blood neutrophils (pNs) present in non-pregnant healthy donors. Neutrophils were identified on the basis of their high forward scatter and side scatter, as well as of CD45 (Figure 1h and Supplementary Figure S1a online). Freshly isolated dNs displayed significantly higher expression of the surface markers CD15 and CD11b than pNs (Figure 1h-i) . On the contrary, pNs expressed higher levels of CD62L (Figure 1h-i) . To exclude the possibility that these differences were simply related to the pregnancy status, the same comparative analysis was performed on pNs isolated from pregnant and non-pregnant donors. No significant differences in surface marker expression were detected (Figure 1i ), which suggests that pregnancy itself does not influence the phenotype of pNs. Notably, after 24 h of culture, dNs were mostly annexin V-negative, which indicates a significantly higher resistance to apoptosis than pNs, at least in vitro (Figure 1j) . Interestingly, leukocytes isolated from decidua also contained, in the purified mononuclear cell fraction, a population of low-density neutrophils (LD-dNs), characterized by the Figure S1a) . Previous studies showed that LD-dNs were present in tumor microenvironment and in chronic/inflammatory diseases where they usually display immunosuppressive properties. 18 In order to assess whether these cells could exert immunosuppressive activity also in decidual tissues, we performed co-culture experiments using either LD-dNs or normal density dNs (ND-dNs) with allogenic T cells. As shown in Supplementary Figure S1b , T-cell proliferation was not affected by the presence of either LD-dNs or ND-dNs, thus suggesting that neither LD-dNs nor ND-dNs exert an immunosuppressive activity. Taken together, these data suggest that, during the first trimester of pregnancy, neutrophils are present in human decidua, where they display an activated phenotype and, likely, an enhanced resistance to apoptosis.
Decidual CD3
À CD56 þ cells promote neutrophil migration, survival, and activation via the release of soluble factors Previous data indicated that NK cells are the most abundant lymphoid population in human decidua during the first trimester of pregnancy. 5, 8, 34 (Figure 2a) . In addition, pNs expressed higher levels of CXCL8 receptors (CXCR1 and CXCR2) than dNs ( Figure 2b) . Notably, the CXCL8 released by dCD3 À CD56 þ cells resulted biologically active in promoting pNs migration (Figure 2c ). In the presence of either a neutralizing anti-CXCL8 (a-CXCL8) monoclonal antibody (mAb) or of a CXCR1 and CXCR2 inhibitor, neutrophil migration was significantly decreased ( Figure 2c ). We also assessed whether dNs were able to migrate in response to CXCL8 released by dCD3 À CD56 þ cells. As shown in Figure 2d , dCD3 À CD56 þ supernatants (spt) could induce a higher migration of dNs than pCD3 À CD56 þ spt. In the presence of a-CXCL8 mAb or CXCR1/CXCR2 inhibitor, the number of migrating dNs slightly decreased ( Figure 2d Figure S2b) . 20 Taken together, these data indicate that soluble factors spontaneously released by dCD3 À CD56 þ cells positively influence pN survival. Different cytokines, including GM-CSF, IFNg, and TNF, are known to promote neutrophil survival. 22, 36, 37 Thus, we analyzed whether these cytokines were present in cell-free spt of unstimulated or cytokine-stimulated d-or pCD3
þ cells contained high amounts of GM-CSF, that was further increased upon IL2 or IL15 stimulation (Figure 3a) . In contrast, in spt 
, and the number of migrating pN through the TW was measured. Experiments were performed either in the absence or in the presence of neutralizing a-CXCL8 mAb (n ¼ 7) or of CXCR1/CXCR2 inhibitor (n ¼ 7). Statistical analysis was performed using Wilcoxcon matched paired test. (d) dNs were plated in the TW (upper chamber) and incubated with pCD3
, and the number of migrating dNs through the TW was measured. Experiments were performed either in the absence or in the presence of neutralizing a-CXCL8 mAb (n ¼ 3) or CXCR1/CXCR2 inhibitor (n ¼ 7). Statistical analysis was performed using Mann-Whitney test. (e-g) Percentages of annexin V-negative neutrophils±s.e.m. Statistical analysis was performed using Mann-Whitney test. (e) pNs were cultured for 48 h alone (n ¼ 7); with unstimulated dCD3 À CD56 þ cells in direct contact (1:5 ratio; n ¼ 13) or separated by TW (n ¼ 4); or with unstimulated dCD3 À CD56 þ spt (n ¼ 9) and analyzed for their viability by annexin V/ PI staining. (f) pNs were cultured 48 h with unstimulated p-or dCD3 À CD56 þ spt and analyzed by flow cytometry. One representative experiment out of 7 performed. (g) pNs were cultured, for 48 h, alone (gray bar; n ¼ 10) or with spt obtained from unstimulated (n ¼ 7-9) or IL2-or IL15-stimulated p-(white bars; n ¼ 4-5) or dCD3 À CD56 þ cells (black bars; n ¼ 5) and analyzed. PI, propidium iodide.
from pCD3
À CD56 þ cells, GM-CSF was detectable only upon IL2 or IL15 stimulation (Figure 3a) . Low amounts of IFNg and TNF were detected in unstimulated d-and pCD3 À CD56 þ cell spt, while both cytokines increased upon IL2 or IL15 stimulation ( Figure 3a) . As shown in Figure 3b , the percentage of annexin V-negative pNs cultured with unstimulated dCD3 À CD56 þ spt, in the presence of neutralizing anti-GM-CSF (a-GM-CSF) Ab, significantly decreased. We further investigated whether dCD3 À CD56 þ -derived GM-CSF could also influence the activation status of pNs (CD11b upregulation and CD62L downregulation 20 ). Spt derived from unstimulated dCD3 À CD56 þ cells displayed higher ability to induce upregulation of CD11b and downregulation of CD62L compared with unstimulated pCD3 À CD56 þ spt (Figure 3c  and d) . However, only CD11b upregulation was slightly inhibited by neutralizing a-GM-CSF Ab, while CD62L was not affected (Figure 3d ).
Decidual neutrophils produce heparin binding-epidermal growth factor (HB-EGF)
In view of the relevant role of HB-EGF during pregnancy, 13 we investigated whether dNs could be responsible, at least in part, for its production. As shown in Figure 4a , immunohistochemical analysis revealed that dNs expressed HB-EGF in situ (arrows in upper panel), while neutrophils present in other normal (spleen) and inflamed (gastritis) tissues were negative or poorly expressing HB-EGF (Figure 4b) . Consistently, neutrophils that have been freshly isolated from decidual tissues, but not pNs, were found to express HB-EGF mRNA ( Figure 4c) . As previous studies revealed that pNs exposed to GM-CSF could express HB-EGF mRNA, 15 we analyzed whether pNs cultured for 2.5 h with spt derived from unstimulated dCD3 À CD56 þ cells and IL15-stimulated pCD3 À CD56 þ cells (both containing high amounts of GM-CSF, as shown in Figure 3a) could induce HB-EGF mRNA accumulation in pNs. As shown in Figure 4d , HB-EGF mRNA levels increased in pNs in the presence of these spts and this effect was blocked by a neutralizing a-GM-CSF Ab. In addition, we analyzed whether other transcripts were modulated in a GM-CSF-dependent manner. For such a purpose, we assessed the mRNA expression of IL1 receptor antagonist (IL1ra), in view of its role in trophoblast growth/ invasion and in the negative regulation of IL1a and IL1b proinflammatory activity. 31, 32, 38 In addition, its expression has been shown to be induced in neutrophils by GM-CSF. 39 We found that IL1ra mRNA expression was slightly higher in dN isolated ex vivo than in pN (Figure 4e ). In addition, spt of unstimulated dCD3
À CD56 þ or IL15-stimulated pCD3 À CD56 þ spt (black bars; n ¼ 4-6) either in the absence or in the presence of neutralizing a-GM-CSF Ab (stripped bars; n ¼ 4). Statistical analysis was performed using Mann-Whitney test. When not indicated, data were not statistically significant.
CD56
þ induced an upregulation of IL1ra mRNA that was partially inhibited by a-GM-CSF Ab (Figure 4f) . Altogether, these data suggest that GM-CSF released by dCD3 À CD56 þ cells may induce neutrophils to express the mRNA for HB-EGF and IL1ra, two cytokines involved in neo-angiogenesis and blastocyst implantation.
Role of decidual ILC3 in neutrophil migration and survival
We have recently shown that NCR þ ILC3 are present in human decidua during the first trimester of pregnancy. 11 Although
. Decidual tissues contain different proportions of NCR þ ILC3 and dNs in the total CD45 þ decidual cells (Figure 5a ). However, NCR þ ILC3 (identified by the co-expression of NKp44 and RORgt) ( Figure 5b) were detected in proximity of CD15 þ dNs (mean distance 41 ± 9 mm) ( Figure 5c ). As Magri et al. 40 reported that splenic NCR þ ILC3 can mediate neutrophil activation via GM-CSF, we investigated whether decidual NCR þ ILC3 and/or dNK cells could be responsible for GM-CSF production. To this end, decidual infiltrating lymphocytes were triggered with different stimuli and the cytokines produced by either NCR þ ILC3 or dNK cells were analyzed. Decidual NCR þ ILC3 spontaneously produced GM-CSF and TNF. Moreover, the percentages of cytokinepositive cells increased upon IL15 or PMA/Ionomycin/IL23 (P/I/23) or P/I stimulation (Figure 5d ). On the other hand, dNK cells expressed GM-CSF, IFNg, and TNF only upon P/I/23 or P/I stimulation (Figure 5d) . Similar results were obtained by the analysis of spt of sorted NCR þ ILC3 or dNK cells (Supplementary Figure S3a) . Notably, only NCR þ ILC3 produced IL22 upon P/I/23 stimulation (Supplementary Figure S3a-b) . In order to obtain further evidence that GM-CSF produced by NCR þ ILC3 was involved in neutrophil survival, in a first set of experiments, dCD3 À CD56 þ cells were depleted, by cell sorting, of the NCR þ ILC3 fraction and co-cultured with pNs. As shown in Supplementary Figure S3c , only unfractionated dCD3 À CD56 þ cells supported pN viability, thus suggesting a role of NCR þ ILC3 in neutrophil survival. Indeed, sorted NCR þ ILC3, but not dNK cells, increased neutrophil survival and induced CD11b upregulation ( Figure 5e and f and Supplementary Figure S3d) . Moreover, in the presence of neutralizing a-GM-CSF Ab, neutrophil survival was significantly inhibited (Figure 5e ), while upregulation of CD11b was only slightly affected (Figure 5f and Supplementary Figure S3d) . In addition, NCR þ ILC3, but not dNK cells, spontaneously produced CXCL8 that significantly increased upon P/I/23 stimulation (Figure 5g and 
per mg of tissues among total decidua-infiltrating CD45 þ cells isolated from 12 different patients.
Supplementary Figure S3a) . Notably, NCR þ ILC3, identified as NKp44 þ cells, expressed CXCL8 and GM-CSF in vivo (Figure 5h) . However, NCR þ ILC3-derived CXCL8 did not affect CD11b upregulation in neutrophils, as revealed by the use of neutralizing a-CXCL8 Ab (Figure 5f and Supplementary Figure S3d) . As CXCL8 is also a potent neutrophil chemotactic factor, we investigated whether NCR þ ILC3-derived CXCL8 could influence the recruitment of neutrophils. Indeed, CXCL8 present in NCR þ ILC3 spt induced pN migration (Figure 5i ) that was inhibited by CXCR1/CXCR2 inhibitor (Supplementary Figure S3e) . Similarly, dNs migrated in response to NCR þ ILC3 spt and migration was only slightly decreased in the presence of CXCR1/CXCR2 inhibitor (Supplementary Figure S3e) . These results were in line with the low expression of CXCR1/CXCR2 on dNs (Figure 2b) . Notably, although other cell types in decidual microenvironment may represent a suitable source of CXCL8, the number of infiltrating neutrophils directly correlated with the number of dNCR þ ILC3 (Figure 5j ). The present data not only indicate that, within dCD3 À CD56 þ cells, GM-CSF and CXCL8 production is confined to NCR þ ILC3, but also suggest that NCR þ ILC3 may be involved in recruiting neutrophils and in extending their survival.
NCR
þ ILC3 induce HB-EGF and IL1ra mRNA expression in neutrophils As NCR þ ILC3 can spontaneously produce GM-CSF, we investigated whether NCR þ ILC3-derived GM-CSF was able to induce HB-EGF mRNA expression in pNs. To this end, pN were incubated for 2.5 h with spt derived from sorted NCR þ ILC3 or dNK cells. As shown in Figure 6a , pN cultured with NCR þ ILC3 spt, but not with dNK spt, expressed high levels of HB-EGF mRNA. This effect was inhibited in the presence of neutralizing a-GM-CSF Ab. In addition, we assessed whether also the levels of IL1ra mRNA were influenced by GM-CSF released from NCR þ ILC3. Indeed, the expression of IL1ra mRNA increased in pNs cultured with spt derived from NCR þ ILC3, but not from dNK cells. Notably, this effect was completely blocked in the presence of neutralizing a-GM-CSF Ab (Figure 6b ).
DISCUSSION
In this study, we show that neutrophils are present during the first trimester of pregnancy in human decidua in particular, in DB, i.e., an area mainly involved in tissue remodeling and in physiological decidual implant reaction. Furthermore, neutrophils are more represented in normal pregnancy than in spontaneous miscarriages. Functionally, dNs display a significantly higher resistance to apoptosis than pNs in vitro, do not exert a suppressive activity, and express fibro/angiogenic factors, thus suggesting that they may be involved in the induction/maintenance of pregnancy. We also show that NCR þ ILC3 are present in decidual tissue where they produce CXCL8 and GM-CSF, 16 suggesting that they may have a role in neutrophil recruitment and survival. In addition, we found that NCR þ ILC3-derived GM-CSF induces the expression of both of HB-EGF and IL1ra in neutrophils (N). Notably, both factors are involved in angiogenesis and trophoblast growth/invasion. 13, 14, 31, 32 Because, in normal pregnancy, we also found the direct correlation between the numbers of neutrophils and NCR þ ILC3-infiltrating decidual tissues, it is possible to speculate that a cross talk may take place between these two cell types contributing to a successful pregnancy. Our data confirm and extend a recent study revealing the presence of neutrophils during the trimester of pregnancy, where they would favor spiral artery remodelling. 16 The presence of neutrophils in decidua, during the first trimester of pregnancy, is consistent with the notion that a successful pregnancy requires an early ''inflammatory'' phase, which induces tissue remodeling and trophoblast migration necessary for implantation, and a late ''regulatory'' phase, occurring during the second trimester, that prevents fetal rejection and maintains pregnancy. 41, 42 It is known that neutrophils contribute to the regulation of innate/adaptive immune responses thanks to their ability to release cytokines and to interact with other cell types including macrophages, dendritic cells, NK cells, B and T lymphocytes, and even mesenchymal cells. 18, 20, [24] [25] [26] [27] [28] [29] [30] Recent studies revealed that cytokines released by NK cells may induce neutrophil activation, expression of activation markers, and production of cytokines and angiogenic factors. 20 Under appropriate experimental conditions, NK cells have been also shown to induce neutrophil apoptosis. 29 Conversely, neutrophils may affect NK cell proliferation, cytolytic activity, cytokine production, and survival via contact-dependent or contact-independent mechanisms. 20 
NCR
þ ILC3 were originally identified as a subset of ILC distinct from NK cells, although sharing with these cells phenotypic features, such as the expression of NKp44 and NKp46 activating receptors. NCR þ ILC3 were first detected and characterized in intestinal lamina propria, tonsils, and skin. 1, 12, 43, 44 Recently, we identified NCR
, but similar to those described in other tissues. 11 One may argue that, given their small numbers, NCR þ ILC3 are unlikely to have a major functional role in decidua. However, here we show that, within dCD3 À CD56 þ cells, the production of key cytokines such as CXCL8 and GM-CSF is virtually confined to the NCR þ ILC3 subset. Magri et al. 40 showed that spleen NCR þ ILC3, thanks to the release of GM-CSF, could induce neutrophils to amplify the responses of marginal zone B cells. We found that dNs localize in proximity of NCR þ ILC3, thus suggesting possible functional interactions. Moreover, our data suggest that decidual NCR þ ILC3 may have an important role in neutrophil recruitment and survival, thanks to their spontaneous production of CXCL8 and GM-CSF, respectively. In addition, cytokine expression was further increased upon stimulation with IL15, a cytokine physiologically present in the decidual microenvironment. 45 Furthermore, it has been reported that reduced N recruitment in decidual tissue in pregnant Rag2
À / À IL2rg À / À mice may be consequent to the absence of NK cells. 16 Of note, Rag2 À / À Il2rg À / À mice also display a defective ILC3 development. 46 Thus, an inadequate N recruitment may reflect a reduction/absence of ILC3 in decidua. Further studies are required to elucidate this issue.
Surprisingly, dNK cells, originally thought to be the main producers of CXCL8 and GM-CSF, 8 did not seem to spontaneously produce relevant amounts of these two cytokines. Therefore, in view of the relative abundance of dNK cells in decidual tissues, one may ask what is their functional role. First, we cannot exclude that dNK cells may release CXCL8 and GM-CSF upon triggering with still undefined stimuli present in decidual microenvironment. Second, they have been shown to release factors (e.g., CXCL10) involved in trophoblast migration and placentation. 8, 9 Third, dNK cells have been shown to functionally interact with peculiar CD14 þ myeloid cells and this cross talk results in the expansion of regulatory T cells, thought to have a central role in fetomaternal tolerance. 10 Finally, dNK cells express killer immunoglobulin-like receptors that can interact with HLA-C present on fetal trophoblast; these interactions regulate trophoblast migration, placentation, and fetal growth. 47 Regarding LTi-like cells, preliminary experiments revealed that, in addition to IL17 and TNF, they also produced GM-CSF and CXCL8 (though in lower amounts compared with NCR þ ILC3) (our unpublished observations and 11 ). These data suggest that also LTi-like cells may participate in functional interactions with neutrophils.
During the early phases of pregnancy, an appropriate balance between inflammation and tolerance is essential for successful implantation. 41, 42 In this context, our present data may contribute to shed light on the cellular and molecular mechanisms occurring in decidual tissues during the early phases of pregnancy. Accordingly, NCR þ ILC3 resident in decidual tissues would mediate neutrophil migration and increase their resistance to apoptosis. Remarkably, we also show that NCR þ ILC3-derived GM-CSF induces N to express HB-EGF, which regulates endometrium/blastocyst interactions and promotes angiogenesis at the fetomaternal interface. 13, 14 Although the source of HB-EGF during pregnancy has not been identified so far, our data suggest that dNs may represent at least one of the cell types involved HB-EGF production. Moreover, neutrophils also express IL1ra that, besides its ability to dampen excessive inflammatory responses by blocking IL1a and IL1b, also induces trophoblast invasion. 31, 32, 38 It would be interesting to clarify whether dNs produce these factors also during the second trimester of pregnancy.
In conclusion, in the present study, we identified N and NCR þ ILC3 as possible players in the early phases of pregnancy. Thus, it is possible to speculate that altered numbers and function of NCR þ ILC3 and/or an impaired recruitment of neutrophils may be responsible of pregnancy failure.
METHODS
Isolation of decidual and peripheral blood cells. We obtained decidua samples at 9-12 weeks of gestation from singleton pregnancies of mothers requesting termination of pregnancy for social reasons at AOU San Martino-IST (Genoa, Italy). The relevant institutional review boards approved the study and all patients gave their written informed consent according to the Declaration of Helsinki. We isolated cell suspensions from decidual tissue with GentleMacs (Miltenyi Biotec, Bergisch Gladbach, Germany) and cells were then filtered as previously described. 34 The cellular suspension was directly analyzed by flow cytometry (to analyzed dNs and NCR þ ILC3 and their relative proportion) or decidua-infiltrating lymphocytes, peripheral blood mononuclear cells and decidual (d) or peripheral (p) neutrophils were isolated by Fycoll (Cedarlane, Burlington, Ontario, Canada) gradient centrifugation. Highly purified neutrophils (498% pure) were obtained from granulocyte sediment using specific lysis buffer and then EasySep positive selection kit CD66b (StemCell technologies, Vancouver, British Columbia, Canada) as previously described. 37 LD-dNs were obtained from mononuclear cell fraction after Ficoll gradient centrifugation and purified using EasySep positive selection kit CD66b. Cell purity was determined by flow cytometry. decidual infiltrating lymphocytes were analyzed by flow cytometry or isolated (NK isolation kit II from Miltenyi Biotec) to obtain dCD3 À CD56 þ cells (498% pure). pCD3 À CD56 þ cells were isolated (with NK isolation kit II from Miltenyi Biotec or with RosetteSep from StemCell technologies) from peripheral blood mononuclear cells (498% pure).
dNK cells (CD3
À ) were sorted accordingly to their phenotype using FACSAria (BD Bioscience, San Jose, CA), purity was routinely 499%.
Flow cytometry analyses and monoclonal antibodies. Cells were stained with the following monoclonal antibodies: CD66abce-APC, CD11b-APC Vio770, CD14-PE Vio770, CD14-FITC, CD16-FITC, CD15-PE, CD117-APC, and CD9-PE purchased from Miltenyi; CD45-APC, CD127-Brillant Violet, CD94-FITC, CD117-PerCP Cy5.5, and CD127-PerCP Cy5.5 purchased from BioLegend, (San Diego, CA); CD62L-PE, IFNg-Alexa Fluor647, GM-CSF-PE purchased from BD Bioscience; CD3-ECD, CD14-ECD, CD56-PC7, CD34-PE purchased from IL-Beckman Coulter (Brea, CA); NKp44-APC, TNF-eFluor450, and IL-22-PE purchased from eBioscience (San Diego, CA); CXCL8-PE, CXCR1-PE, and CXCR2-PE purchased from R&D System (Minneapolis, MN) ; Live/dead fixable aqua dead purchased from Invitrogen/Molecular Probes (Carlsbad, CA). For cytokine detection, decidual infiltrating lymphocytes or sorted cells were stimulated as indicated in the results section in the presence of 25 ng ml À 1 PMA (Sigma-Aldrich, St Louis, MO), 1 mg ml À 1 Ionomycin (Sigma), and 50 ng ml À 1 IL23 (Miltenyi) or 10 ng ml À 1 IL15 (Miltenyi) or 100 U ml À 1 IL2 (Peprotech, Rocky Hill, NJ), either in the presence or in the absence of GolgiStop (BD). After 18 h of stimulation, supernatants (spt) were harvested or cells were stained for surface markers, fixed, and permeabilized with Cytofix/Cytoperm and with Perm/Wash (BD), respectively, according to the manufacturer's instructions. For intracellular detection of cytokines, cells were gated as: ( concentration after culture for 24 h in the absence or in the presence of cytokines (10 ng ml À 1 IL15 or 100 U ml À 1 IL2). After isolation, pNs or dNs were suspended in RPMI 1640 medium supplemented with 10% low endotoxin fetal bovine serum (o0,5 EU ml À 1 , Lonza, Walkersville, MD) in polypropylene tube (BD). Neutrophils were cocultured, for 48 h, with p-or dCD3 À CD56 þ cells or NCR þ ILC3-depleted dCD3 À CD56 þ cells (at 1:5 ratio) or with p-or dCD3 À CD56 þ -derived spt and for 24 h, with sorted dNK cells or NCR þ ILC3 (at 10:1 ratio). Experiments were performed in the presence or in the absence of transwell chamber (Corning Costar, Tewksbury, MA). For T-cell proliferation assay, LD-dNs or ND-dNs were used as stimulators and carboxyfluorescein succinimidyl ester-labeled T cells as responders. Experiments were performed in the presence of anti-CD3/CD28 mAbs (Miltenyi) or IL15 (10 ng ml À 1 ) at a neutrophils:T ratio of 1:5. At day 7 of culture the proliferation of carboxyfluorescein succinimidyl ester-labeled T cells were analyzed by flow cytometry.
